OBJECTIVES: Several studies suggest that changes in airway pressure may influence the onset of primary spontaneous pneumothorax (PSP). The aim of this study was to investigate the influence of atmospheric changes on the onset of the first episode of PSP.
INTRODUCTION
Primary spontaneous pneumothorax (PSP) is defined as the presence of air in the pleural space occurring in patients without underlying pulmonary disease. PSP is thought to be the result of the rupture of blebs at the surface of visceral pleura. PSP typically occurs in tall, thin subjects. Others risk factors are male gender and cigarette smoking [1] . Several studies suggest that changes in airway pressure may influence the onset of PSP [1] [2] [3] [4] . Nevertheless, none of these studies focused on the first episode of PSP. The aim of this study was to investigate the influence of atmospheric changes on the onset of the first episode of PSP.
PATIENTS AND METHODS
The Comité de Protection des Personnes Nord Ouest III (CPP Nord-Ouest 3) Institutional Review Board approved the study.
Patients
In the urban area of Caen (110 000 inhabitants), France, consecutive cases of pneumothorax that were referred to the Department of Thoracic Surgery at the University Hospital of Caen were collected retrospectively between 1 January 2009 and 31 October 2013. Patients diagnosed outside the city of Caen were excluded from the analysis, to ensure that all patients experienced the same weather conditions. There are four emergency departments in the city and two pulmonology units. All cases of pneumothorax diagnosed in these services are routinely sent to our thoracic surgery department, the only one in the region.
Pneumothorax was always diagnosed on the basis of chest X-rays for spontaneous thoracic acute pain or dyspnoea. Based on the epidemiological study by Gupta et al. [5] , we decided to consider that only patients between 15 and 35 years should be considered to have PSP with a low probability of underlying chronic pulmonary disease. Patients presenting with relapse (ipsilateral or contralateral) of pneumothorax were excluded, as well as with traumatic pneumothorax or patients presenting with a pulmonary disease such as emphysema, or chronic obstructive pulmonary disease (i.e. secondary pneumothorax).
Caen has an oceanic climate with cool summers and mild winters. Industrial activity in the Caen area is primarily tertiary with little heavy processing industries.
Management of patients
PSP was treated either by placing a chest tube, such as Monod 18 French or Pleurocath® Seldinger (Plastimed, Italy), or by simple radiological monitoring (i.e. conservative treatment). Surgery was performed when there was a persistent air leak over 6 days or in cases of professions at risk (like seaman), as recommended by the British Thoracic Society [1] . Surgery was pleural abrasion and wedge resection of apex bullae by video-assisted thoracoscopic surgery, using a three-port technique.
Meteorological data
For each of the 1765 days of the study period, meteorological data were obtained from the Caen Meteorological observatory of Météo-France®, the National Government Institution in charge of weather forecasting. The following data were recorded: minimum and mean atmospheric pressure (hPa); minimum, maximum and mean temperature (°C); relative humidity (hPa); percentage of sunshine (%); rainfall (mm) and average wind speed (ms −1 ). The onset of PSP was defined as the day at which symptoms (dyspnoea, chest pain, cough) began as 'D-Day'.
Variation (Δ) of mean atmospheric pressure, and relative humidity, were calculated for each day between the day at which symptoms began (D-day), the day before first symptoms (D-1), 2 days before the first symptoms (D-2) and 3 days before the first symptoms (D-3).
Statistical method
Quantitative data were reported as the mean ± SD. Differences between days with and without PSP were analysed using the χ 2 for qualitative data and Student's t-test for quantitative variables. A P-value of less than 0.05 was considered to be significant.
Receiver operating characteristic (ROC) curves were created by plotting the true positive (sensitivity) rate against the false positive rate (1 − specificity) at various mean atmospheric variation settings for
The area under curve (AUC) measures discrimination, that is, the ability of the test (in this case variation of mean atmospheric pressure
to correctly classify those with and without a first episode PSP. An area of 1 represents a perfect test; an area of 0.5 represents a worthless test.
All analyses were performed using SEM software (F. Kwiatkowski, France) [6] .
Cluster analysis
From 106 cases, n(n − 1)/2 possible pairs (a total of 5565 possible pairs) were generated. As described by Smit et al. [7] , in the absence of systematic clustering, the proportion of such pairs occurring within less than t days of each other in a period of Y days is
RESULTS

Patients
We observed 638 cases of pneumothorax during the period of this study, 106 of them (16.6%) consisting of a first episode of PSP. Clinical case data for these PSPs are presented in Table 1 . Of note chest tube insertion was not necessary in 17 cases (16%), and pleural abrasion by VATS was performed in 16 cases (15.1%).
Influence of seasons
The frequency of the occurrence of the first episode of PSP did not significantly differ with the different seasons, with 22, 26, 29 and 29 cases in winter, spring, summer and autumn, respectively.
Variations between days with and without primary spontaneous pneumothorax
We did not observe any significant differences between days with and without PSP for any of weather parameters that we tested. Results of the weather analyses are presented in Table 2 .
We looked into whether there were thresholds in the variations of atmospheric pressure that may explain the occurrence of PSP, using ROC analysis. AUC were, respectively, 0.495, 0.508 and 0.525 
] of the mean atmospheric pressure (Fig. 1 ) , which means that we were unable to find any thresholds in the variations of atmospheric pressure that can be used to determine the occurrence of PSP.
Cluster analysis
Results between expected and observed cases of PSP from 'within 1 day' (which means t = 1) to 'within 6 days' (t = 6) in our study period (Y = 1765 days) are presented in Table 3 . There were no differences between expected and observed pairs of PSP. This means that there were no clusters of a few days during which a significant proportion of first PSPs occurs.
DISCUSSION
PSP is a benign but common disease that can lead to thoracic surgery. Primary pneumothorax remains a significant global epidemiological issue, occurring in healthy subjects, with a reported incidence of 18-28/100 000 per year for men and 1.2-6/100 000 per year for women [5] . Many reports suggest that changes in airway pressure may favour bleb rupture and the occurrence of pneumothorax. This study was conducted to determine whether this hypothesis may actually be proved in the case of the first episodes of PSP. Haga et al. [2] , in a study of over 1000 cases of pneumothorax in the area of Tokyo, found that the difference in the mean atmospheric pressure between the day before and the day of pneumothorax was 0.6 hPa lower than atmospheric pressure between coupled days without pneumothorax hospital admission. This feature was also reported by Ozpolat et al. [3] and Scott et al. [4] in two cohorts of over 600 cases of pneumothorax each. Like Bulajich et al. [8] in over 600 patients, and Smit et al. [7] , however, we did not find any influence of atmospheric changes on the onset of pneumothorax. This could be due to our inclusion of only inaugural episodes of PSP in patients between 15 and 35 years of age, whereas previous studies included patients of all ages with secondary spontaneous pneumothorax and patients with relapses of PSP. Indeed, Sadikot et al. [9] , in a retrospective study of 275 PSP cases, found a high incidence of recurrence at 54.2%. Young Choi et al. [10] reported a recurrence rate of 52.6% in a population of 114 young adults (mean age of 16.9 years), after follow-up exceeding 40 months.
Thus, the recurrence rate of spontaneous pneumothorax seems to be high and we cannot exclude that patients who already present with pneumothorax may be more sensitive to changes in atmospheric pressure. Nevertheless, the mean variation of atmospheric changes described by the various teams [2] [3] [4] seems to be very small. For example, typical daily variations at one place (1-2 hPa) elevation of 10-20 m, which can typically be experienced by a person going up six floors of a building. People living in mountainous or hilly areas experience pressure variations much greater than the meteorological variations each day. As there is no evidence of an anomalous number of spontaneous pneumothorax cases in people experiencing these situations, we can infer that pressure variation cannot be considered a relevant factor in triggering the occurrence of spontaneous pneumothorax.
Other factors such as NO 2 , O 3 or CO 2 concentrations [11, 12] , or thunderstorms [5, 13] were reported to have an influence on the onset of spontaneous pneumothorax as viral epidemic occurring in autumn or spring (adenovirus, rhinovirus, etc.), which could favour the occurrence of PSP by inducing hyper-reactivity cough.
Bertolaccini et al. [11, 12] in two recent reports found that PSP (first episode or relapse, without age selection) occurs in clusters, and significantly more likely on warm windy days with atmospheric pressure and high mean NO 2 concentration. We were not able to perform such analyses since concentrations of air pollutants in the area of Caen were not available during the period of the study. However, if we feel that there is an increasing number of PSP (first episode or relapse) during atmospheric pollution peaks, we have no quantitative data to support this clinical impression. Once again, we were studying the first PSP episodes and it is possible that patients with chronic lung disease or who have already suffered from pneumothorax are more sensitive to these atmospheric pollutant concentration changes. In contrast to most published reports [3, [7] [8] [9] [11] [12] [13] , we did not find any kind of clusters of a few days in which patients were admitted for a first episode of PSP (Table 3 ), but we cannot exclude a publication bias, since negative studies such as ours could have simply been ignored by journal editors.
As shown by Chen et al. [14] in a large retrospective analysis, we did not find any seasonal influence in the occurrence of a first episode of PSP.
Hormonal influence in women has also been investigated, but the large predominance of males in our series precluded any specific analysis of such a potentially confounding feature and only five catamenial pneumothoraces were evidenced by surgical exploration during the period of the study in our Department.
Limitations of the study
The main limitations of this study were its retrospective design and the possibility that some patients were not referred to our centre, or that some patients did not consult a physician and experienced spontaneous recovery, as may occur in a substantial fraction of low abundance PSP [1] , two circumstances which, by excluding cases, reduce the power of this study.
Another limitation of this study is the small number of patients included in this cohort, despite the inclusion period of nearly 4 years, due to our strict selection criteria of only first episode of PSP and having experienced the same climatic conditions in a very restricted geographical area. Our results should be validated by studies on a larger population of first episode cases of spontaneous pneumothorax.
CONCLUSIONS
In our experience, variations in atmospheric pressure, relative humidity, rainfall, wind speed and temperature were not significantly associated with the onset of the first episode of PSP.
We believe that our negative results are significant, since the variation of the atmospheric pressure does not appear to be a causative factor for the first episode of pneumothorax in healthy patients. It suggests that the scientific community should focus on other possible aetiological factors like atmospheric pollutant variable.
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